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Abstract — This paper presents the implementation of @lementary technical requirement in accordance IEBD/
measurement uncertainty assessment guideline aplgito 17025 [3]. Therefore, relevant attention shouldghen to
laboratory assessors. Measurement uncertaintyétegant  this issue.
subject for all laboratories as well as for acdagttin bodies During these years, many case studies were putllishe
since it consists in an elementary requiremeni$@/IEC  the literature concerning the application of GUMcepts
17025 accreditation. Therefore, it is crucial teus that all in a broad spectrum of calibration and testing del
technical assessors have an adequate level of kdgal showing that this is not a trivial subject. In fasbome
about measurement uncertainty and know how to prop@ublications pointed out measurement uncertaintgreesof
assess it. Researching the literature, it is plessibobserve the major difficulties on the implementation of IHEC
that all measurement uncertainty guidelines arased on 17025 standard [4-7]. A study carried out by A2L8] |
the laboratory perspective, to help them implentebtM’'s  indicated that measurement uncertainty is withi@ thost
concepts. This work, on the other hand, was focusethe deficient requirements among accredited laboratoA@LA
implementation of a new measurement uncertaintgedine  showed that deficiencies with respect to measuremen
intended exclusively to help laboratory assessmmsrove uncertainty were cited at least in 30 % of all asseents
their knowledge about this subject and better peeieem  [8]. This data demonstrates the need for improvenoén
to carry out laboratory assessments. The guidelas laboratories and, on the other hand, emphasizes the
implemented in Rede Metrolégica RS (RMRS), a regiion importance of thoroughly knowing this subject when
accreditation body from southern Brazil. Simultamstp to  performing an assessment, in such a way to effdgtiv
this measurement uncertainty assessment guidéliveas assess the uncertainty presented by the laboratory.
also prepared a measurement uncertainty checkoliselp Measurement uncertainty is a recurrent difficultgoa
assessors conduct their laboratory assessments.résult, recognized among Brazilian metrologists [4-7]. Takiin
an improvement on the level of knowledge aboutccount this situation, this paper presents anviige way
measurement uncertainty was observed among RMRS® deal with this problem, aiming to better qualdjporatory
assessors. The improvement was possible to vémifugh assessors and help them conduct measurement imiyerta
the application of written exams about measuremeriissessments. This improvement was achieved thrthegh
uncertainty, before and after the training on thewn implementation of a new measurement uncertaintgejine
guideline. Exams showed the improvement of assssorfor laboratory assessors, associated with a chsckedr
knowledge, demonstrating the relevance of thisvatiee uncertainty assessment, implemented in Rede Meinalo
work. RS (RMRS), a regional accreditation body from seuth

Brazil.

Keywords: measurement uncertainty, laboratory The first part if this paper briefly introduces RERnd

assessment, measurement uncertainty assessmegitrguid  its activities. Subsequently, the methodology usedesign
and implement the guideline document for laboratory

1. INTRODUCTION assessors and the respective check-list is preksentach
was based on the PDCA cycle of improvement. Atet,t
At the present, there are many documents describirfje results of the implementation of the documend a
how to quantify measurement uncertainty, applyingv@  conclusions are discussed.
concepts and describing the relevance of this subje

Uncertainty is particularly useful in a conformity 2. CONTEXTUALIZING RMRS
assessment, to quantify the probability of makingrang _
decision [1; 2]. When uncertainty is not quantifigd a Rede Metrologica RS (RMRS) — which is a Metrologica

proper manner, the interpretation of the result misp be Network for the State of Rio Grande do Sul — iggional
prejudiced. Measurement uncertainty is a key faétor laboratory accreditation body located in southemazB.
traceability and also demonstrates the laboratarglity RMRS is a non-profit and non-governmental metraabi
level of measurement. With respect to the laboyatorassociation aimed to better qualify the metroldgica
accreditation activity, measurement uncertainty daa infrastructure in its State. It is also relevantmention that
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RMRS is not the national official accreditation Bodf
Brazil — which is Inmetro. Therefore, RMRS autoroallly
recognizes Inmetro’s accredited laboratories, withneed
for further assessments.

Despite of that, RMRS has a considerable number abjective was

frequently assessed laboratories. Regarding itsrdadry
accreditation program, the total number

laboratories per year
Considering the last 3 years, there has been &il§ewth
in the total number of assessed laboratories. éfpttesent,

step. The objective, in this case, was to provide a
opportunity for improving RMRS'’ laboratory assessine
process, especially with respect to measuremergriaimty
assessment. Toward that end, the method to actiése
through the implementation of the
measurement uncertainty assessment guideline and it

of assessquhrticular check-list.
has been constantly growing. According to the results of the step ‘plan’, the

measurement uncertainty guideline and the chetkdis
uncertainty assessment were elaborated. Followimg t

RMRS has over 135 frequently assessed and acaeditEDCA cycle of improvement, this was done duringoste

laboratories in accordance to ISO/IEC 17025. In dame
period, there was a 23 % increase in the total reunab
qualified assessors, totalizing 35 professionalat thre
contracted per assessment.

Although attending to a measurement uncertaintyseou
is pre-requisite for all RMRS’ assessors, therestilemany
doubts regarding practical and theoretical appboadf the
GUM among the assessors, as well as how to satisfgc
evaluate this topic during a
Therefore, RMRS had decided to give more attertbdis
subject and implement a guideline as well as aleliscto
assist laboratory assessments particularly
measurement uncertainty evaluation and, therefiocecase
assessors’ knowledge about this subject.

3. UTILIZED METHODOLOGY

‘do’, which consisted in the execution of what was
previously planned.

Once the draft versions of the documents were peédpa
they were submitted for analysis by a group of etgpe
which was formed by RMRS’ representatives, as aglby
invited uncertainty experts from Inmetro. This fiegtion
was carried out during step ‘check’, which aimeévaluate

the result of what was done with respect to whas wa

laboratory assessmenplanned before. This checking step verified whetther

elaborated drafts) covered all topics previously identified
as necessaryii) were adequate in terms of written and

regardifayout presentation;iii) had the potential to satisfy

assessors’ needs. At the end of this step, thedredions of
the documents were considered as validated byrthegf
experts.

Finally, the step ‘act’ consisted in making all essary
adjustments and approving the documents. This wtep

The design and implementation of the measurementivided into three stages, which weiremaking of the final

uncertainty assessment guideline and its respectieek-
list were carried out following the steps of the@®cycle

adjustments to the documentdi) approval of the
documentsiii) dissemination of the documents within all

of improvement. The steps of this opportunity forassessors and laboratories. After concluding ttep, she

improvement are presented in Figure 1.

Laboratory assessment
\“& process improvement

Act

Inquiry with
assessors

o —qof U
ﬁ Final improvements on “SG\\da“%‘;Cume“‘s
the drafts Con® < ne
o
=

Elaboration of draft

Analysis and validation
version of the documents

by Experts

Do

Fig. 1. PDCA cycle for the measurement uncertajuigeline and
the respective check-list

improvement could be considered implemented and
standardized. So, a full PDCA cycle of improvemests
implemented.

4. RESULTS

This section details the results from the desigd an
implementation of the measurement uncertainty assest
guideline and its check-list. The following textpeesented
according to the steps of the PDCA cycle of improeat.

4.1. Step ‘plan’

In the step ‘plan’, the data collected reinforchd heed
for a better qualification of assessors with resper
measurement uncertainty. The most deficient figéhtified
in RMRS was testing assessors. All records of agssts
performed by RMRS during the period of 2005-2007ewne
analyzed and significant differences between tgstand
calibration assessors were observed. Also, a foas sent
to all assessors in the sense to map their majobtsand
difficulties concerning measurement uncertaintye Tasult
of this research pointed again that the most deficarea
was testing.

From the total of 35 qualified assessors, 25 ofrther
approximately 71 %, answered the inquiry, whichvehan

Step ‘plan’ consisted in collecting information andexpressive number of respondents. From this group o

planning all actions needed to implement this inapnoent.
The objective and methods are also establisheagltinis

respondents, 48 % are qualified to assess onlyesting
area, 36 % both in calibration and testing, sirmdtausly,
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and 12 % only in calibration. Also, 4 % are quatifionly One particular doubt was related to the identifaof
for quality management system assessment. uncertainty components. Indeed, this is a freqoante of

The initial inquiry provided an opportunity for @ssors’ disagreement during laboratory assessments. |autiors’
self-evaluation of their knowledge about measurémeropinion, accreditation bodies should strive to deadize
uncertainty. It was asked for assessors to clagbi§r  uncertainty components, in such a way to cleargcsp in
knowledge about the GUM in accordance to the falhgw their accreditation criterion documentation all exgint
categoriesi) no knowledge at all about the GUM) low  uncertainty components required in the major fietifs
level of knowledge;iii) reasonable knowledgéy) good testing and calibration. If they do so, then disagnent
level of knowledgey) full knowledge. Table 1 summarizes between assessors and assessed laboratories nteplgro
the answers to this question, stratifying by assess area. be reduced, since this information should be oflipub
For comparison purposes, results were also prabentaccess.

independently of the assessment area. After concluding the inquiry, historical data frosll
records of assessments performed by RMRS during the
Table 1. Assessors’ self-evaluation of their knalgkein period of 2005-2007 were analyzed. Results shoagdin,
accordance to GUM significant differences between testing and calibma
assessors. The results highlighted the necessignfaction
knﬁmggggz:ﬁifwygge % for af;‘fj;‘l)r:; g;‘:ﬁ'l'fs'ed in the % aiming to improve assessors’ level of knowledge uabo
ncertaity, according o the] only o T Ony ?i??ﬁgifgi measurement uncertainty, taking particular attentm the
GUM? Testing Y calibration testing area, which was the one that presentedeategr
No knowledge at all 0,0% 0,0% 0,0% 0,0% number of assessors’ doubts and lower level of kedge
Low level of knowledge 33,3% 0,0% 0,0% 16,7% in uncertainty.
Reasonable knowledge 50,09 40,0% 0,09 33,3% Concluding the planning step, reference documents
Good knowledge 16.7%| 60.0%|  42,9% 33,3% derived from the GUM were researched in order tiheya
Full knowledge 0.0% 0.0% 57.1% 16.7% information that could help assessors in conducting

measurement uncertainty assessments. It is relévarite

From these results, it can be seen that only 50 #e0  that, with respect to this research, it was nosis to find

assessors, independently of their area, claim e Bagood any document that was addressed particularly tesaess.
or a full knowledge about measurement uncertainty|l references focused on the laboratory perspectiv

according to the GUM. It is also evident that thisra clear On the stage of interviews, a group of experts in
difference between those who are qualified onlytésting  measurement uncertainty was consulted in ordedeintify
assessments and those who are qualified for catibra a more comprehensive overview on uncertainty assess

Subsequently,  assessors’ main  doubts  abouctivities, therefore, helping the identificatioh assessors
measurement uncertainty were identified in theirygdhe  needs. This group was formed by RMRS’ represermsias
responses were grouped into the categories showabfe \ell as invited experts from Inmetro. Gathering all
2. The percentages presented below were calculatg@gformation previously obtained, the last stagetha step
considering the occurrence of each specific questio‘plan’ was the consolidation of the main topics tbie
divided by the total number of questions in eackaadf documents that was to be prepared. These topice wer
assessment. defined considering assessors’ doubts as welleasxpert's

suggestions and the literature documents consulted
Table 2. Assessors’ main doubts about measuremesttainty previously.

% for assessors qualified in the % 4.2 Step ‘do’
Assessors' Doubts on Iollowing areas: oni Independentl o . . .
R nfy Both Aveaq I'bn ;: y of the area Following the PDCA cycle of improvement, during the
—— SLEis step ‘do’, the draft version of the documents warepared

What should be assessed in . . .
terms of uncertainty and the 32% 33% 20% 30% by the authors in accordance to the tOpICS pfewmeed
evidence with the group of experts. As the aim of the guitelwvas to
'Cdg“ziztri]?: ofuncertainty | ., 0% 20% 26% better qualify RMRS assessors, prioritizing theiulbts and
The’;ethodfor p— difficulties, the document included a brief reviesf the
measurement unemrtanty. | 16% | 33% | 20% 10% major concepts of the GUM, as well as a flow-chart
‘Aplication in specific fields, summarizing all steps for the quantification of asgrement
such as chemical and 16% 0% 20% 15% uncertainty. Since a frequent assessors’ doubtcibete
microbiological tests during the research was related to the knowledgmitab
Practical examples 11% 33% 0% 11% sources of uncertainty, a list of common unceraint

components in calibration and testing fields waduded in

It is noteworthy that most of the doubts were fromth€ guideline, covering many common testing and
testing assessors (70%), which can indicate a lgessi calibration cases. This table was prepared gatjerin
greater deficiency among these assessors. Thesteatbt information from many different references, desedilin [2;
concerned what should the assessor verify and wh&r19l- _ o
evidences could be considered as satisfactory when Simultaneously to the elaboration of the guidelities
assessing measurement uncertainty. check-list for uncertainty assessment was also goeep
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This check-list included a list of all topics thshall be
verified during a measurement uncertainty assessmen

4.3. Step ‘check’

During the step ‘check’, the guideline and the &Hist
drafts were submitted for analysis by the alreagytioned

group of experts. Comments and suggestions were sen

Table 4. Main causes of mistake during initial &indl exams

through e-mail during a period of approximately onenth.

4.4, Step ‘act’

8 le5 % of
.g‘ g g Main Cause of mistake correct
o W= answers
UB | B |Incorrect calculation of sensitivity coefficients 14 %

EU | B | Presentation of the measurement range and it bd¥ %
measurement capability: did not observe |the
definiton of one wunique best measurement

Taking into account all comments and suggestion =5

received regarding the drafts, final adjustmentsewaade
and the guideline and its respective check-liseviermally
approved by RMRS’ board. After that, the documemtse
published in RMRS’ website, for public access. Diman
can be found in the references [20; 21]. It is vate to
mention that, at the present, only the Portuguession is
available for download.

< capability for each measurement range.
N A |Measurement uncertainty presented with more thah7 %
2 significant figures.
FC| B |Did not recognize a limitation that the Wel¢h-19 %
Satterhwaite formula can produce incorrect results
when dealing with correlated input quantities.
FC | B |Wrong concept that systematic errors should b24 %
included in uncertainty budgets. Instead, systemati
errors should be correct whenever possible. (The
mistake could also indicate confusion between|the

As a result of the implementation of the referred concepts of uncertainand error.
documents. an improvement on the assessors lebel 0UB B | Divided a repeatability standard deviation obtgin 24 %
! . . from historical data byN, whereN was stated to be
knowledge about measurement uncertainty was achieve the sample size fromy:his historical data. Instéd,

To measure this improvement, written exams werdiexpp
within RMRS’ technical assessors before and afteaiaing
section about the new documents.

Exams were anonymously treated, individually aneder
and with no consultation allowed. The exams covehed
following topics: i) fundamentals of measurement
uncertainty according to the GUN;) uncertainty budget
practical calculationijii) laboratory uncertainty assessment

should be the sample size of the curfent
measurement, not the historical data.
A |Fundamental confusion between  sensibflity29 %
coefficients and divisors utilized to obtain startta
uncertainties.
CA | A |Incorrect interpretation of a result in a confaym 38 %
assessment, when uncertainty is affecting |the

conformity with a specification. Incorreft
calculation of the probability of making a wropg
decision under these circumstances.

issues. All questions received the same weighttiedinal
score was presented in a 0 to 100 scale. Assekadr80
minutes to answer each exam. Table 3 presentsvérage
scores before and after the training section.

Table 3. Written exams average scores before aedthé training

Score before the Score after the
Parameter e L
training training
Average - X 59,3 78,2
Standard deviationS 10,9 10,9
Number of respondents\+ 21 21

It can be seen through Table 3 a significant impnosnt
on assessors’ scores at a level of significance &6 (p-
value of 210°). Therefore, exams showed the improvemen
of assessors’ knowledge, demonstrating the relevahthis
work.

Analysing the most frequent mistakes observed durin
the exams, it was possible to observe that the naises of
confusion were related to verification of uncertgin

The notation utilized in Table 4 for the subjectswa
UB = verification of uncertainty budget;

EU = expression of uncertainty;

FC = fundamentals and concepts;

CA = conformity assessment

For the column of the exam moment, ‘B’ stands Fo t
exam before the training and ‘A’ the exam after tilaéning
section with RMRS’ assessors.

Eventually, the correction of exams was sent
individually to all assessors, aiming a betterifitation of
their possible doubts. After the implementation tbfs
improvement, it is relevant to mention that Rede
Metroldgica RS is still monitoring its assessorgubts
through periodic workshops, where frequent assessme
difficulties and assessors’ doubts are discusseti thie
group and properly treated.

5. CONCLUSIONS

budgets, expression of uncertainty, fundamentalsl an pis paper presented the implementation of a new

concepts, as well as the conformity assessmenvitgcti
using uncertainty information. Table 4 summarizesmain

mistakes done by assessors during the exams. Téreeck

table presents questions with the lowest percestaife
correct answers from the initial and final exams.

measurement uncertainty assessment guideline ahdck-
list for uncertainty assessment intended to betgsalify
laboratory assessors and help them conduct tedhnica
assessments of measurement uncertainty. These dotaim
were implemented in Rede Metrolégica RS (RMRS), a
regional accreditation body of southern Brazil.

These new documents provided a clear and direct
guidance on measurement uncertainty assessment and
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improved RMRS assessors’ level of knowledge abbat t [7]
subject.

To measure this improvement, written exams were
applied within RMRS’ technical assessors before aftet a
training section about the new documents. TableoBved a

significant improvement on assessors’ scores, dfter 8]

training on the new documents (p-value of@°). [9]
It is also relevant to note that the referred doenis are

available for download [20; 21], observing that yord

Portuguese version is currently presented. [10]

Eventually, the documents should not be considased
definite production. Therefore, any suggestions for

improvement are welcome and can be addressedIgitect [11]

the authors or to Rede Metroldgica RS. [12]
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